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Abstract
This project presents improvements to the business process used to generate the Sikorsky five-
year production scheduling plan that is a central coordinating process for company operations.
Recommendations will improve the speed and quality of the planning process. The current
production planning method leaves Sikorsky at risk of reserving too little capacity to satisfy
demand for its most important customers. Additionally, the current method can lead to
overproduction of rotorcraft. Both scenarios are very costly to Sikorsky. In the absence of a
more data-driven planning approach, shortcomings of the current planning method will only be
exacerbated as Sikorsky continues to pursue new customers in emerging markets. Sikorsky may
struggle to continue applying judgment-based planning methods to a customer base for which
there is little historical information.
To investigate the problem, we used interviews, surveys, and lean techniques to study the current
state of the five-year planning process. As part of the solution, we developed and applied
statistical demand forecasting methods and a more formal process definition. We documented
and communicated the new planning process using standard work templates and instructions.
New methods were disseminated to stakeholders through a variety of showcase exercises that
featured demonstrations and hands-on exercises.
In general, Sikorsky production planning stakeholders were receptive to a more formal and data-
driven planning process. We expect that the new methods will enable an overall planning
process time of two weeks, compared to current process time of several months. Furthermore,
the new methods improve forecasting accuracy by integrating and synthesizing previously
unused forward-looking sales and marketing data. Going forward, a small pilot team will
continue to apply and improve new planning methods. The team will engage in a preliminary
pilot exercise during an upcoming revision to the five-year plan, which will occur in early 2011.
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1 Introduction
We introduce new methods that improve the speed and quality of the Sikorsky five-year
planning process. We hypothesize that improved process speed and quality can be achieved
through the implementation of improved demand forecasting techniques and improved process
definition.
We will use project showcases, featuring demonstrations and hands-on exercises, to test and
disseminate new methods throughout Sikorsky. Additionally, we will identify and train a small
pilot team comprised of experts from different functional groups within Sikorsky. The pilot
team will be responsible for future process improvement initiatives, and will implement the
planning methods summarized in this project during creation of the 2011 version of the Sikorsky
five-year production plan.
1.1 Rotary Wing Aircraft Industry
The rotorcraft markets in Europe and North America are relatively mature. Major
manufacturers hope to achieve future growth by increasing sales of products and services in
emerging markets such as India, China, and Russia. There are only several major manufacturers
in the rotorcraft industry, including AgustaWestland, Eurocopter, Bell, and Sikorsky. Sikorsky is
projected to have the largest market share based on value for the 2009-2013 timeframe.
1.2 Sikorsky Company Background
Sikorsky Aircraft Corporation is a subsidiary of United Technologies Corporation and was
founded in 1923 by Igor Sikorsky. Sikorsky Aircraft employs approximately 17,500 people and
generated $6.3 billion in revenue and $608 million in operating profit during fiscal year 2009.2
' Source: Royce, 2009
2 Source: United Technologies Corporation Annual Report
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Throughout its history, Sikorsky has marketed rotorcraft and fixed wing aircraft to a variety of
military and commercial customers. More recently, the firm is marketing products, spare parts,
and services to an expanding list of customers around the globe, with a focus on emerging
markets. This expanded focus makes forecasting more difficult.
Sikorsky Aircraft began designing and building production rotorcraft in the 1940s. For the
next several decades, Sikorsky marketed products primarily to the United States government.
Sikorsky aircraft such as the R5, S-5S, and BLACK HAWK played key roles in the Korean War
and Operation Desert Storm. In 1977, Sikorsky sought growth through an increased emphasis on
commercial products with production of the S-76 aircraft. Target customers, such as offshore oil
companies and companies with executive transport requirements, provided key inputs to design
features of the S-76 product line. Sikorsky engineers began work on a second commercial
rotorcraft, the S-92, in 1992.'
Sikorsky continues to seek growth through new product introductions and the pursuit of new
customers. For example, the firm will market S-70i BLACK HAWK product to foreign
governments for military use. Additionally, Sikorsky has demonstrated promising new rotorcraft
technologies using the X2 technology demonstrator. The X2 is an experimental helicopter that
uses two coaxial main rotors and a pusher-style rear propeller. An X2 aircraft recently set a new
rotorcraft speed record of 258 miles per hour, and the design team hopes to achieve maximum
speeds of 288 miles per hour in future testing.4 Previous rotorcraft maximum speeds were
limited to approximately 200 miles per hour. The new technologies explored in the X2 may
enable Sikorsky to win market share in rotorcraft market segments where maximum speed is
highly valued (e.g. military attack helicopters).
3 Source: Pember, 2005
4 Source: Dillow, 2010
New products will not be the only source of future growth for Sikorsky Aircraft. Sikorsky
has signaled its commitment to growing its customer base in emerging markets. Sikorsky
continues to grow its global presence primarily through merger and acquisition activity,
including the acquisition of worldwide customer service firm Helicopter Support Inc. and the
formation Shanghai Sikorsky Aircraft Ltd. joint venture.5
Despite a rapidly growing customer base, Sikorsky remains in the position of having
excellent relationships with a majority of its customer base. This enables the firm to create and
maintain databases of valuable information regarding each customer's potential demand for new
aircraft.
1.3 Problem Description
This project presents improvements to the business process used to generate the Sikorsky
five-year rotorcraft production plan that is a central coordinating process for the company's
operations. Today, the Sikorsky planning team updates the five-year plan on a monthly basis.
The data in the five-year plan are used as the basis for capacity planning, financial projections,
material ordering, and production scheduling. Not all of the products in the five-year plan are
entered into the firm's material manufacturing resource planning (MRP) system. The five-year
plan is a high-level document designed to act as a "hand shake" for the Sikorsky enterprise,
enabling managers to coordinate with one another. An approved five-year production plan
signifies a commitment to produce what is included in the plan. All stakeholders agree to any
potential cash outlays, revenue inflows, and capacity investment implied by the five-year plan.
The objective of this project was to create a refined planning process. Our recommendations
are designed to improve the speed and quality of the five-year planning process. Process speed
5 Source: Pember, 2005
is a measure of the time it takes to generate a revised production plan. The current process speed
is highly variable, and overall process time can take anywhere from two weeks to several
months. Our goal is to reduce the process time to two weeks.
Process quality relates to how well the production plan reflects true demand. Through
stakeholder interviews, we learned that there are two dominant symptoms of poor process
quality. The following two scenarios account for a large fraction of five-year production plan
deficiencies stemming from poor process quality, and our recommendations will improve
process quality and reduce occurrences of these scenarios.
Late Changes to the Plan: An important customer order, not currently included in the five-
year plan, needs to be inserted into the five-year plan. The operations group must do this
urgently, as the product is made-to-order and lead-time constraints for production are
approaching. Considering current production constraints, Sikorsky cannot fulfill this order
without expanding operations or off-loading work to suppliers. This customer is very
important to Sikorsky, and the firm will do anything in its power to meet order requirements.
Negotiating order quantity reductions or later delivery timing is not an option. The planning
team finds a way to fulfill this order, but the resulting solution to off-load work carries cost
and quality risks. Given more time, the team may have been able to develop a lower risk
solution.
The Overproduction Problem: Sikorsky plans to build twenty-five of aircraft model 8 for
the upcoming calendar year. 6 At the beginning of the year, there are seven aircraft that are
6 Actual Sikorsky aircraft model names have been disguised throughout this paper. Aircraft models will be referred
to as model 1, model 2, model 3, etc.
unsold. The remaining eighteen aircraft are under contract. The Sikorsky sales force is
confident that they can find customers for the remaining seven aircraft. The sales team
works overtime to sell the aircraft. Allowing the aircraft to reach the end of the production
line without a customer is not an option. At the end of the year, all aircraft have been sold.
However, management expresses concern that transaction prices on the seven previously
unsold aircraft were compromised in order to win contracts.
Our findings in this project highlight a mismatch in the legacy Sikorsky planning process and
Sikorsky's current business strategy. In the past, ad hoc planning methods and imprecise
forecasting methods could be tolerated given the stable nature of the customer base and low
economic incentive for on-time delivery of aircraft. Going forward, Sikorsky plans on achieving
growth by pursuing new markets and new customers in the face of strong competition. In
addition, the existing customer base is placing an increased emphasis on strict and significant
financial penalties for late deliveries. These changing business conditions highlight the need for
a new approach to production planning for Sikorsky.
This project advances a more data-driven approach to the five-year planning process,
resulting in a method that is not only faster, but also reduces the likelihood of late plan revisions
and the overproduction problem. In the absence of a more data-driven approach, Sikorsky
experts may struggle to continue applying judgment-based planning methods to demand
forecasts for new products or customers for which there is little historical information. This
project presents methods that analyze existing data in new ways, providing demand forecasts for
products even when historical data is not available.
1.4 Hypothesis
Five-year planning process quality and speed can be improved through the creation and
implementation of improved market forecast techniques and improved process definition. Also,
Sikorsky will have better forecasts and estimates to communicate to internal and external
stakeholders as a result of the improved techniques and process. Sikorsky will realize
improvements to the five-year planning process through use of improved data analysis and
organizational dynamics. Standard work instructions and improved communication protocol will
enhance working relationships among the stakeholders. By creating a pilot team with ownership
over the new process, Sikorsky will be able to implement new methods and closely monitor and
continually improve the planning process.
1.5 Methodology
We used interviews, surveys, and lean techniques to study the current state of the five-year
planning process. Interviews and surveys provided internal consumers of five-year plan
information with an opportunity to provide insight into the current planning process. Structured
qualitative interviews are an effective way of clarifying fuzzy problems, and identifying and
organizing stakeholder sentiments and needs. 7 In particular, we urged respondents to cite
instances in which the process did not meet their expectations. Traditional lean methods, such as
enterprise and value stream mapping, provided a means to further analyze the current process.
Value stream maps are an effective tool for identifying all steps of a process and generating
holistic and effective process improvement solutions.8
We applied statistical methods as the basis of new demand forecasting techniques. Using
customer relationship management (CRM) data as inputs, we applied Monte Carlo simulation to
7 Source: Burchill and Brodie, 2007
' Source: Rother and Shook, 2003
generate annual demand forecasts for Sikorsky rotorcraft models. The CRM data is generally
accurate for three-to-five years into the future, depending on the rotorcraft model. Given
limitations in CRM data accuracy, we cannot apply the statistical methods for time horizons
greater than three-to-five years. For more forward-looking demand forecasts, we relied on more
traditional top-down marketing forecasts to estimate rotorcraft demand. Top-down forecasting
methodologies produce market size estimates based on prediction of macroeconomic factors;
market share for particular firms are then assigned based on historical market share trends and
analysis of the competitive environment. These top-down methods produce good-to-excellent
demand forecasts for the long time horizons, relative to other accepted forecasting methods.9
Once we developed and secured agreement on the new process, we documented and
communicated it using standard work templates and instructions. Standard work instructions are
an effective technique to transmit process details to a large group of stakeholders. Additionally,
standard work effectively documents the current state of the process in great detail, thus defining
a starting point for future process improvement and experimentation. 10 To disseminate new
methods to the large group of planning stakeholders, we conducted a series of showcase events
that featured demonstrations and hand-on case studies. Showcase exercises are an effective way
to demonstrate the new planning paradigm with specificity using real examples.."
At the conclusion of this project, it is important to leave behind a structure at Sikorsky that
enables future process improvement through idea sharing, experimentation, and process
improvement. To achieve this goal, we identified a pilot team comprised of experts from several
functional groups at Sikorsky. In a variety of business contexts, pilot teams have proven an
9 Source: Chamgers, Mullick, and Smith, 1971
10 Source: Bowen and Spear, 1999
" Source: Byrnes, 2010
effective manner to lead and manage process improvement initiatives.' 2 The Sikorsky pilot team
will act as planning process owners in the future. We engaged this team during creation of
proposed new methods, ensuring that each member of the team was an expert in all proposed
methods. The pilot team will apply the final process recommendations during creation of the
2011 version of the five-year plan, which will occur in early 2011. The pilot team will continue
to improve the process going forward based on self-critique and feedback gathered from a
variety of stakeholders within Sikorsky.
1.6 Thesis Contributions
This thesis contributes knowledge relevant to demand forecasting methods based on Monte
Carlo simulation techniques. The project also illustrates how lean techniques can improve
business processes: we have applied to the office and planning environment lean techniques that
were developed with the manufacturing environment in mind.
1.7 Thesis Organization and Overview
The thesis includes five chapters. Chapter 2 explores the current state of the five-year
planning process. The chapter details how we built an understanding of the current process
through the use of interviews and lean techniques. Chapter 3 advances an improved future state.
The improved planning process discussed in Chapter 3 is a combination of unique demand
forecasting methods, improved process definition, and standard work templates. Chapter 4
discusses process implementation details. To disseminate, refine, and win support for new
planning methods, we used a variety of hand-on showcase exercises with key process
stakeholders. A small pilot team comprised of operations and marketing experts was identified
and trained, and this team will drive future implementation and improvement of refined planning
2 Source: Spear, 2004
processes. In early 2011, the team will apply new process tools during creation of the 2011
version of the five-year plan. The final chapter, Chapter 5, presents final conclusions and
recommendations.
1.8 Chapter 1 Summary
Together, the recommendations presented in this thesis are designed to improve the five-year
planning process in the following ways: improved process speed, lower likelihood of late
changes to the plan, and a lower likelihood of the overproduction problem. The
recommendations will transition Sikorsky to a more formal and data -driven planning process that
supports future growth strategies. We used showcase exercises to refine and win support for new
planning methods. In the future, a small pilot team of Sikorsky employees will apply new
methods during the annual five-year plan revision exercise in the first quarter of 2011 and be
responsible for continuous improvement of the five-year planning process.
2 Current State Analysis
This chapter summarizes the current state of the Sikorsky five-year planning process. Figure
I shows the three main steps of current state analysis that are discussed in this chapter.
Figure 1: Process Used During Current State Analysis
Step 1: Step 2:.Step 3:
IProcess definition Current state process Kvleverage points for'
analysis improvement
-Identify and discuss high- -Describe analysis methods -Identify and discuss key
level process structure improvement areas
-Discuss key findings
-Identify internal stakholders
-Discuss external customers
First, we defined the current five-year planning process. In this process step, we identified
the five-year planning process structure, the internal stakeholders involved during the process,
and key characteristics of Sikorsky's external customers. Next, we performed a detailed analysis
of the current state of the five-year planning process. Finally, we identified key leverage points
for overall five-year planning process improvement, and these leverage points are communicated
using a set of hypothetical planning examples.
2.1 Five-year Planning Process Definition
In the following sections, we describe the five-year planning process structure, identify key internal
stakeholders, and discuss key characteristics of Sikorsky's customers.
2.1.1 High-Level Process Structure
Figure 2 shows the high level process structure for the Sikorsky five-year planning process.
Figure 2: High-Level Process Structure for Five-Year Planning
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At the front-end of the planning process, a group of marketing experts assess the rotorcraft
market, typically five-to-ten years forward looking. Using macroeconomic predictions to guide
overall market size estimates, the experts issue market share projections to program managers
and sales executives based on historical market share figures. In addition to these share
projections, the marketing experts will produce a summary of CRM data that detail open contract
pursuits for each rotorcraft model produced by Sikorsky.
As the next step in the planning process, program managers and sales executives apply
judgment to adjust the estimates provided to them by the marketing experts. The program
managers and sales executives communicate sales forecasts to the team of five-year planning
stakeholders.
As the final step of the current process, the five-year planning stakeholders engage in the
Sales & Operations (S&OP) process. During this process, the stakeholders take as inputs the
revised demand forecasts and compare them against available production capacity. During a
series of meetings, the team negotiates a final five-year plan revision. Ideally, this final five-year
plan will align with the demand forecasts supplied by the program managers and sales executive,
such that all forecasted demand is satisfied. However, it is common that the full quantity of
forecasted aircraft cannot be produced because of capacity constraints. Given a proposed
production plan that violates capacity constraints, the planning team will perform trade-off
studies to assess the costs and benefits of expanding capacity to satisfy forecasted demand.
Generally, this negotiation occurs in a timely and organized fashion.
2.1.2 Sikorsky Five-Year Plan Stakeholders
Five-year planning activities involve a variety of stakeholders. The process is cross-
organizational, as it integrates stakeholders from different groups within Sikorsky. Figure 3
shows a stakeholder map for the Sikorsky five-year planning process.
Figure 3: Stakeholder Map, Sikorsky Five-Year Planning
Figure 3 identifies the key internal stakeholders considered during assessment of the five-
year planning process. In reality, other stakeholders are involved in the process, including
external suppliers. For the purposes of this project, we considered stakeholders that have the
largest impact on the quality and speed of the five-year planning process, and Figure 3 shows
these stakeholders.
2.1.2.1 Marketing Analysts
Marketing analysts supply the planning team with top-down market forecasts and summary
data from Sikorsky's customer relationship management (CRM) database. For top-down
analyses, marketing analysts assess the global rotorcraft market and provide sales projections to
other five-year plan stakeholders. These top-down forecasts are market projections based on
broad macroeconomic factors, and generally produce good-to-excellent forecasts for the
medium-to-long term time horizon, in this case five-to-ten years into the future.' 3 The analysts
also supply information that is useful in the short-term, such as the CRM data summaries. CRM
data include information such as how many aircraft their customers are consider purchasing,
when their customers would like to take delivery of aircraft, and an estimated probability of the
contract being won.
2.1.2.2 Operations Analysts
Operations analysts are both suppliers to the planning process and consumers of five-year
plan information. As suppliers to the planning process, operations analysts ensure that a
production plan is feasible from a capacity utilization standpoint. As consumers of plan
information, the analysts use production plans as the basis for strategic assessments of Sikorsky
manufacturing facility sizing and location.
3 Source: Chamgers, Mullick, and Smith, 1971
2.1.2.3 Program Managers
Program Managers are primarily suppliers to the planning process. Program Managers notify
the planning team of any changes that need to be made to the production quantities or production
timing. These changes are usually the result of alterations in existing contracts, new contract
information, or changes in demand forecast values.
2.1.2.4 Aircraft Final Assembly
The aircraft final assembly organization is both a supplier to the planning process and a
consumer of plan information. As suppliers to the planning process, final assembly personnel
provide feedback as to whether production plans are feasible from a manufacturing capacity
standpoint. Given unfeasible five-year production plans, the final assembly team will provide a
provisional recovery plan showing what steps are needed to relax constraints such that the five-
year plan can be achieved. Senior managers and the planning team weigh the costs of relaxing
any constraints against the benefit of achieving the delivery schedule communicated by the
proposed five-year production plan. As consumers of plan information, the final assembly
organization takes the production plan and generates more detailed production schedules for their
organization.
2.1.2.5 Aircraft Sales
The sales team is responsible for winning new contracts for Sikorsky, and sales team are both
suppliers to the process and consumers of plan information. As suppliers to the process, the
sales team enters contract pursuit data into the CRM database. This information informs the
number of aircraft that are placed in the production plan. As consumers of plan information, the
sales team pursues customers with the goal of selling any speculative aircraft entered in the
production plan. Any unsold aircraft in the production plan are seen as an opportunity to win
another sale.
2.1.2.6 Finance
The finance team is a consumer of the five-year plan information. The team uses the aircraft
delivery quantities and timing to generate financial projections, such as cash flow projections for
the upcoming fiscal year.
2.1.2.7 Internal Suppliers
Internal suppliers are Sikorsky manufacturing cells that deliver components to the final
assembly organization. The suppliers are both suppliers to and consumers of information created
by the planning process. The groups supply feedback regarding capacity utilization, and use the
plan as a basis for more detailed production schedules. As in the case of the aircraft final
assembly group, the internal suppliers present provisional recovery plans in the event of
unfeasible five-year production plans. Managers weigh the costs of these plans against the
benefits of meeting the proposed five-year production plan.
2.1.2.8 Management
Senior managers act as both suppliers to and consumers of the planning process. As
suppliers, managers offer input to manufacturing capacity conflicts and assist in demand
forecasting. As consumers, senior managers use production planning information to guide
strategic activities.
2.1.3 Sikorsky Customers
For this project, we analyzed the five-year planning process as it relates to the eight Sikorsky
aircraft models with the highest sales volumes. We can group these eight aircraft models into
three customer streams based on several key customer characteristics. Figure 4 shows the
product groupings.
Figure 4: Three Customer Streams for Sikorsky Aircraft
- Models 1,2, 3,4 - Models 5,6 - Models 7, 8
- Between five and ten open - Between twenty-five and fifty - Between twenty-five and fifty
contract pursuits open contact pursuits open contract pursuits
- Most important customers - Less important customers - Least important customers
- Customers have five-to-seven - Customers have five-to-seven - Customers have two year
year procurement schedules year procurement schedules procurement schedules
Note: Models 1-8 are disguised Sikorsky aircrafi models
The customers in stream A are the most important customers to Sikorsky. These customers
have enjoyed long-term relationships with Sikorsky for decades and are a major source of current
and projected future revenue for aircraft, products, and services. The current planning process
does not specify target demand service levels or intervals for customers in stream A, but
anecdotal evidence suggests that Sikorsky satisfies close to 100 percent of all demand for these
customers within several weeks of the desired delivery date. Late changes to the five-year plan
are often required to fulfill demand of products in customer stream A, and Sikorsky will typically
do whatever it takes to fulfill these orders even if it means changing production schedules for
less important customers. Typically, there are only a few customers that purchase products 1, 2,
3, and 4. Therefore, there are usually between five and ten open contract pursuits per model per
year. The customers in customer stream A generally plan their procurement schedules five-to-
seven years into the future, but there is uncertainty in these forward-looking plans. As will be
discussed in a later section, inclusion of this planning uncertainty in demand predictions does not
greatly affect the forecasted demand quantities.
Customer stream B is the second most important stream of business to Sikorsky. There is a
mixture of customers in stream B, including long-term customers as well as new customers
pursued by Sikorsky as part of the firm's growth strategy. Customers in stream B are a mixture
of low and high-volume customers, but typically these customers order fewer aircraft than do the
customers in stream A. The important customer relationships with customers in stream B drive a
high service level for products in the stream, but not quite to the extent of the service reserved
for customers in stream A. Sikorsky is typically not in a strong position to negotiate delivery
timing with customers in stream A, but may negotiate delivery timing with customers in stream
B. However, customers in stream B typically receive aircraft close to ideal delivery timing,
generally within several months of initial desired delivery dates. Customers in stream B do not
have the same long-term relationships or strategic importance to Sikorsky as do customers in
stream A, therefore a lesser priority is placed on customers in stream B. There are a large
number of customers in stream B, which explains the large quantity of open contract pursuits per
model per year. The customers in customer stream B plan their procurements schedules five-to-
seven years into the future. However, as in the case of stream A, a level of uncertainty exists in
the customers' procurement schedules. It is unclear if models 5 and 6 have a history of late plan
changes or overproduction, considering the company's relatively short history with these
products and customers.
The least important set of customers to Sikorsky is customer stream C. These customers
have short-term relationships with the firm, as compared to customers in customer streams A and
B. As a result, Sikorsky typically allocates an appropriate level of manufacturing capacity to
fulfill the most likely demand scenario for customer stream C, as defined by the program
managers and sales executives. Sikorsky typically does not reserve extra capacity for more
speculative customer orders. Typically, the firm prefers to lose a sale to customer C rather than
having to alter production schedules in streams A and B to free up the required capacity to fulfill
an order. There are typically many open contract pursuits for models 7 and 8, the two models
sold to customers in stream C. The customers in stream C usually plan their procurement
schedules two years forward. There have been occurrences of overproduction for products 7 and
8 in the past, and Sikorsky has recently placed a strong emphasis on attempting to match five-
year plan production quantities to true demand for models 7 and 8, such to avoid future
occurrences of the overproduction problem.
2.2 Five-Year Planning Process Current State Analysis
We used a combination of process mapping methods to study the current five-year planning
process. Initially, we formed a small team and constructed a high-level enterprise map showing
the different sub-processes that make up the Sikorsky planning process. We paid special
attention to sequence of events and the information that flows to and from stakeholders during
different process steps. Information gleaned from stakeholder interviews enriched this process
and began to highlight potential areas for process improvement.
We also conducted a value stream mapping event with a larger team of stakeholders. The
value stream mapping was a rich exercise that produced many anecdotes of past problems in the
planning process. Within the context of the value stream mapping events, our team was able to
perform a deep-dive exercise into real planning examples relating to late changes to the plan and
overproduction.
2.2.1 Enterprise Mapping
In the sections that follow, we describe key findings of the enterprise mapping exercise.
During enterprise mapping, we focused on the three high-level planning process steps indicated
in Figure 2: marketing data transfer, demand forecasting, and the sales and operations process.
2.2.1.1 Marketing Data Transfer
As the first step of the five-year planning process, marketing analysts transfer data to
program managers, sales executives, and other five-year plan stakeholders. Marketing experts
typically transfer market forecast and CRM summary data summaries that will be useful during
demand forecasting, the next step in the five-year planning process. In general, marketing
engagement is a critical element of successful production planning.' 4 However, we found that
marketing experts are not formally engaged in the Sikorsky planning process. There is generally
no formal communication protocol linking marketing experts to sales executives, program
managers, and other five-year plan stakeholders. The resulting inconsistent and ad hoc
communication of marketing data limits the ability of sales executives and program managers to
produce regular and accurate estimates of rotorcraft demand. As a result, the demand forecasting
process is generally out of sync with the regular (monthly) cadence of the S&OP process. This
drives a significant amount of waste into the broader five-year planning process, as the
stakeholders are then required to work in a very informal manner to collect marketing data prior
to engaging in demand forecasting. An online survey was administered to five-year plan
stakeholders, and seven of seventeen respondents indicated that they spend significant time
4 Source: Wallace, 2006
working outside of the current five-year plan process to access marketing data for the purposes
of five-year planning exercises. We infer from this result that the current process does not
supply adequate access to marketing data. Additionally, stakeholders involved in a value stream
mapping event identified a weak link between marketing experts and other five-year plan
stakeholders as one of the biggest problems with the current process.
2.2.1.2 Demand Forecasting
The next step in the five-year planning process is demand forecasting. As mentioned in the
previous section, sales executives and program managers typically do not produce demand
forecasts at a regular cadence. As a result, forecasting is generally out of sync with the monthly
S&OP process cadence.
Sikorsky has never featured the demand forecasting process as part of a process improvement
initiative. Historically, process improvement initiatives have targeted operations-related
processes, which had previously not included demand forecasting. Because it has never been the
focus of process improvement, the demand forecasting process is a relatively immature process.
In addition to having no formal cadence, there is no written process defining how stakeholders
generate demand forecasts. Sales executives and program managers produce demand forecasts
by using judgment to adjust the market forecasts and CRM data summaries provided to them by
marketing analysts. This leaves the five-year plan exposed to significant risk associated with
inconsistent and potentially inaccurate demand forecasts, both of which could contribute to
occurrences of late plan revisions and overproduction.
2.2.1.3 Sales and Operations (S&OP) Process
The final step in the five-year planning process is revision and approval of the five-year plan,
which occurs within the formal S&OP process. The S&OP team negotiates changes to the five-
year production plan based on changes to current customer orders and forecasted demand.
Generally, the S&OP process works well. A majority of survey respondents (thirteen of
seventeen) responded that they frequently use S&OP data outputs for their job. Furthermore,
fourteen of seventeen respondents indicated that the S&OP cadence meets or exceeds their needs
and that they are "familiar" or "very familiar" with the S&OP process.
The S&OP process has been the focus of previous process improvement initiatives, and as a
result is a relatively mature process. As evidenced by aforementioned survey statistics, the
S&OP process cadence and information outputs meet the needs of stakeholders. However,
stakeholders identified the final approval process as an opportunity to decrease the five-year
planning process time. During a value stream event, one stakeholder indicated that the final
approval of a revised five-year plan can take anywhere from "two days to infinity". Historically,
a plan with incomplete approval does not affect the five-year planning team. As long as relevant
stakeholders approve the plan, as defined by the stakeholders involved in the S&OP process, the
plan is considered approved regardless of whether all final signatures have been obtained. For
instance, the team generally proceeds according to the plan if the middle-level managers
involved in the S&OP process sign off on the plan revision. The team generally does not wait
for all senior manager signatures prior to publishing a new revision to the five-year plan. We can
therefore eliminate a fraction of approvers from the five-year plan and reduce the approval
process to one day.
2.3 Key Leverage Points for Process Improvement
Using two hypothetical examples, we illustrate common problems associated with the current
planning process. Within the context of these examples, we highlight key leverage points in the
current process where improved methods can significantly improve the speed and quality of the
five-year planning process.
2.3.1 Example of Late Revision to Five-Year Plan, Model 1
A recent example of a late revision to the five-year plan illustrates problems with the current
planning process, and shows the need for a more systematic approach to five-year planning.
Very recently, a late change in the five-year plan was made to accommodate an additional large
order for aircraft model 1. The order was communicated to the planning team close to the lead-
time for the order, so the team had to work quickly to make room in the current plan for
increased production. In order to satisfy this increased customer demand, Sikorsky transferred
work to an outside supplier with unproven cost and quality performance. Given additional time,
the planning team most likely could have found a way to fulfill the order in a less risky manner.
Efforts could have been made to train and qualify the supplier, or internal capacity could have
grown to meet production needs for model 1. These options were not possible given the short
timeframe, however. Sikorsky was not in a position to qualify new suppliers, or expand internal
capacity levels, given the short timeframe.
Our value stream mapping team discussed this example to understand the causes of this
example of a disruptive late change to the five-year plan. Our goal is to reduce occurrences of
late plan changes in the future state, so this example may provide valuable insight into potential
solutions.
In this particular example, pockets of the organization knew about this order prior to when its
details were communicated to the five-year planning team. Customers of model 1 typically plan
orders at least three-to-five years in advance. Stakeholders who had close working relationships
with the sales personnel were aware that this contract could result in a win, but a communication
breakdown prevented the planning team becoming aware of it early enough to plan accordingly.
During a value stream mapping exercise, a group of stakeholders analyzed all business processes
prior to when program managers communicate revised demand estimates to the S&OP team.
Figure 5 shows the value stream map for the typical planning process used for model 1; potential
problem areas with respect to the late change problem are highlighted using kaizen bursts.
Figure 5: Potential Causes of Late Plan Revision for Model 1
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There are three general situations that cause communication breakdowns during the planning
process, ultimately leading to late revisions to the five-year plan.
1. For products in customer stream A, program managers and sales executives typically
receive contract pursuit information from both the CRM database and directly from
sales representatives. Sales personnel typically communicate information to the
program managers and sales executives during casual conversation or via e-mail.
These very informal methods of communication are prone to communication of
inaccurate or incomplete datasets. In this particular example, there is a chance that
the sales representatives knew about the increased customer demand for model 1 and
didn't communicate it to the program managers and sales executives until late in the
planning process, possibly because it never came up in conversation. There is also a
chance that the sale personnel filtered the information that they sent to program
managers and sales executives regarding open contract pursuits. Sales representatives
may not like to discuss contract pursuits until the win probability is sufficiently high,
as this sets more reasonable expectations regarding the performance of the sales
representatives. If this were the case, the sales representative could have perceived
the order as having a low success probability right until the time that the contract was
finalized, at which point the planning team was "caught by surprise" when they heard
about the order.
2. Program mangers pull CRM data from the marketing analysts in a very inconsistent
and informal basis. There is a chance that the customer order that was missed until
late in the process was in the CRM database all along, but was not communicated to
the program manager until late in the planning process.
3. The program managers and sales executives knew about the large order, but did not
communicate it to the S&OP team. They were filtering information for the same
reasons that sales representatives may filter information regarding open contracts, as
it may set more reasonable expectations for future sales. Qualitative interviews
produced evidence to support this theory, as one program manager mentioned that he
is reluctant to send false signals to the enterprise and withholds certain information
from the S&OP team regarding contracts with low win probability estimates.
2.3.2 Example of Overproduction, Model 8
A historical example of overproduction illustrates the problems with the current ad hoc
approach to five-year planning, and shows a need for a much more formal and data-driven
approach to early stages of the planning process. In the past, Sikorsky has produced too many
units of model 8. This has resulted in increased inventory carrying costs and price discounts to
spur sales. We analyzed what features of the planning process could enable instances of the
overproduction problem. Figure 6 shows a simplified schematic of the planning process used for
model 8 and represents the process used for all products sold in customer streams B and C. The
process shown below differs from the process used for customer stream A in that here the CRM
data is the main source of contract pursuit information, as opposed to using a combination of the
CRM database and informal communication between the sales representatives, program
managers, and sales executives for stream A.
Figure 6: Potential Causes of Overproduction for Model 8
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We identified two main areas of the planning process that increase the risk of poor five-year
plan quality, which could lead to an overproduction problem. These areas are represented by
kaizen bursts in Figure 6.
1. There is no formal process or cadence for marketing data transfer, so there is a chance
that program managers and sales executives received inaccurate, late, or partial data from
the marketing analysts. This could have negatively affected the ability of the program
managers and sales executives to forecast demand accurately. As a result, the team
inserted too many aircraft into the five-year plan, causing the overproduction problem.
2. There are usually between twenty-five and fifty open contract pursuits for model 8 for
any given year and contract pursuit data are summarized in the CRM database. The
program managers and sales executives rely on these data for sales forecasts, but have no
formal forecasting method. It is a very ad hoc process, usually involving large amounts
ofjudgment. The overproduction of model 8 may have been the result of the weaknesses
in the methods used to forecast demand.
As in the previous example, we identified a weak link between the marketing group and the
program managers and sales executives. In the current state, these stakeholders interact in an
informal manner. There is no formal communication method or cadence used to transfer
knowledge among the stakeholders. This informal communication link limits the quality and
consistency of information passed from these stakeholders to the remaining five-year plan
stakeholders and is a potential root cause of problems encountered during the planning process.
Another possible cause for the overproduction problem was the demand forecasting method used
by the program managers and sales executives; the forecasted value of aircraft may have been
inaccurate with respect to actual demand. During stakeholder interviews, many stakeholders
raised concerns over the ad hoc nature of the current forecasting process and showed a desire for
a more data-driven process. In the current state, there is no formal forecasting method. The
program managers and sales executives rely on inconsistent application of judgment and ad hoc
data analysis methods to produce demand forecasts.
2.4 Chapter 2 Summary
The first two steps in the five-year planning process, marketing data transfer and demand
forecasting, have the largest impact on five-year plan quality. In the current state, these
processes are ad hoc and judgment-based. The inconsistent and potentially inaccurate data
transferred from these two steps to the S&OP process directly impacts the quality of the five-
year plan.
The third and final process of five-year planning, the S&OP process, is a relatively mature
process. Sikorsky has focused on this process in previous process improvement initiatives. As a
result, this information output from this process and monthly process cadence satisfy stakeholder
needs. However, the S&OP process has a lengthy final approval process. This final approval
process is the single largest contributor to the lengthy and highly variable overall process time
for the five-year plan process.
3 A Proposed Future State
In this chapter, we explore a proposed future state for the Sikorsky five-year planning
process. A series of case studies illustrate improved features of the future state. The cases show
how five-year plan data are generated for products in each customer stream, for both short-term
and long-term planning horizons.
3.1 Overview of Proposed Future State Planning Process
The high-level process flow for the future state is nearly identical to that of the current state.
We retain the three previously discussed processes: marketing data transfer, demand forecasting,
and the S&OP process. Figure 7 shows a high-level process flow for the proposed future state.
Figure 7: Proposed Future State
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As indicated by the three kaizen bursts in the future state diagram, our future state improves
information handoffs and methods used during the five-year planning process:
1. A formal communication cadence and standard communication templates will strengthen
the link between marketing analysts and the planning team. Using standard forms,
marketing analysts will continue to aggregate sales information using the existing CRM
database and communicate standardized CRM data summaries and top-down market
forecast summaries to the planning team on a regular basis.
2. The future state advances improved demand forecasting methods that provide a more
data-driven approach to demand forecasting and capacity allocation. A set of rules, based
on customer stream and time-horizon considerations, will establish the input data and
forecasting method used to predict sales demand for the aircraft models. The rules also
establish a method to allocate capacity to each rotorcraft model based on the distribution
of forecasted demand values.
3. A streamlined signature and approval process will enable an overall process time of
fewer than two weeks. The target time for the first two steps, marketing data transfer and
demand forecasting, is four business days. The S&OP process will take six business
days, including approvals and signatures. The monthly S&OP cadence will be retained.
The future state process will not accommodate ad hoc revisions without approval from a
group of senior managers that represent the stakeholders involved in the planning
process.
3.2 Demand Forecasting and Customer Service Rules
In the current state, sales executives and program managers perform ad hoc analysis to
produce demand forecasts for each rotorcraft model. By passing along a set of discrete
forecasted demand values to the planning team, these executives and managers in effect dictate
to the team how to allocate available capacity without providing insight into distribution of
possible demand scenarios or specific contract win probability data for each model. The
planning team, therefore, has no insight into the likelihood that customers in a given customer
stream will have to join the order backlog as a result of insufficient capacity allocation for
speculative aircraft builds in the customer stream. An ideal planning method would allow
Sikorsky to allocate capacity such that the likelihood of important customers joining the order
backlog is sufficiently low. Generally, customers would prefer to not have orders in backlog.
This ideal method would also minimize the occurrences of broken promises to customers in
streams B & C in order to satisfy demand of stream A.
The proposed future state demand forecasting process improves upon the current method in
two important ways. First, the future state establishes a formal process for producing demand
forecasts. These new demand forecasting methods produce a distribution of forecasted demand
using sales and marketing data as inputs. This new method supplements current judgment-based
methods with analytical methods. Second, a set of differentiated customer service rules instruct
the five-year planning team how to establish five-year plan production quantities based on
agreed-upon interpretation of the distribution of forecasted demand scenarios. This allows
Sikorsky to allocate capacity in a manner that reduces the likelihood that very important
customers will have an order in backlog. Figure 8 shows the proposed set of demand forecasting
rules and differentiated customer service rules. The differences in forecasting rules for each
customer stream reflect the differences in customer priority, and Sikorsky must commit to
adequate capacity levels such that the demand percentiles shown in Figure 8 can be satisfied
within the specified time windows.
If, during the five-year planning process, Sikorsky discovers that the cost of meeting the
forecasting rules shown in Figure 8 outweighs the associated benefits, we recommend revisiting
the forecasting rules.
Figure 8: Demand Forecasting and Capacity Allocation Rules for Sikorsky Aircraft Models
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Customer stream A includes models 1, 2, 3, and 4. Recall from Figure 4 that customers in
stream A are the most important customers to Sikorsky. As such, we suggest that Sikorsky set
production quantities to values that represent the 1 0 0 th percentile demand condition. This policy
ensures that the probability of customers in stream A having to enter the backlog is essentially
zero. There are very few customers in customer stream A, and speculative orders for these
customers are historically small quantities of option aircraft associated with much larger and
higher probability order streams. By committing to a production quantity representing the 1 0 0th
41
percentile demand condition, Sikorsky is in effect reserving extra capacity for optional orders.
We suggest that Sikorsky reevaluate this policy if the customer composition of stream A changes
in the future. For instance, if a greater number of speculative aircraft orders enter customer
stream A, Sikorsky should revisit the 100th percentile condition and possibly set production
quantities at a lower demand-percentile value such that a large amount of capacity is not reserved
for a large number of speculative aircraft. Given adequate capacity allocation to satisfy all
potential orders in customer stream A, variability in manufacturing time is the primary factor that
would cause delays in delivery timing with respect to the desired date. As shown in Figure 8, we
promise delivery dates to customers in stream A that are within one month of the desired
delivery date. Based on estimates of variation of aircraft delivery with respect to planned
delivery date, 95% of customer orders can be satisfied within one month of the desired delivery
date. To construct demand forecasts for the products in customer stream A, we suggest using
spreadsheet calculation methods. Forecasting methods based on simulation methods are not
necessary given the small number of open contract pursuits for each model. Customers in stream
A plan procurement schedules five-to-seven years into the future. We therefore suggest Sikorsky
use CRM data as the bases for forecast estimates.
Customer stream B includes models 5 and 6. This customer stream contains a large fraction
of new customers that Sikorsky would like to aggressively pursue. Given this fact, as well as the
fact that certain competitors may be winning sales on the merit of low backlogs, Sikorsky wishes
to minimize the likelihood of these customers having to wait in a backlog. As such, we will set
production quantities equal to the 85'h percentile demand condition, in effect reserving capacity
in the event that speculative sales result in contract wins. By setting the five-year plan
production quantities to the 85th percentile demand condition, Sikorsky will be 85% certain that
it can satisfy all of the demand for models 5 and 6 without having to place orders in the order
backlog. This extra capacity allows Sikorsky to satisfy a large fraction of orders without
subjecting customers to the order backlog. Considering the large number of open contract
pursuits for the models sold in this stream, we suggest Sikorsky apply simulation methods to
predict forecasted demand for models 5 and 6. For this purpose, we created a unique simulation
technique based on Monte Carlo simulation. This analysis method takes CRM data as inputs and
returns a distribution of forecasted demand scenarios. Since we do not plan to allocate adequate
capacity to cover 100 percent of orders in customer stream B for a given year, there is a chance
that an order backlog will form for models 5 and 6. If a customer wishes to receive its aircraft in
a year in which all capacity is spoken for by other customers, the customer will have to enter the
order backlog and wait for the next available build slot. For customers in stream B, we suggest
that Sikorsky promise delivery dates depending on whether the customer is or is not in the order
backlog. If the customer is not in the backlog, we promise delivery of aircraft within one month
of the desired date. A buffer of one month should be sufficient to offset the majority of delivery
delays caused by manufacturing process variability, thus we are 95% certain that customers will
receive their aircraft within one month of the desired date. In the event that a customer is placed
in the order backlog, exact delivery timing depends on several factors. Factors such as future
capacity limits, the number of orders in the production plan, and the distribution of forecasted
demand for future years have a significant impact on when capacity is available to manufacture
aircraft in the order backlog. The delivery window, or promise made to backlog customers
regarding a delivery date, is a dynamic value and changes as capacity limits, production plan
information, and demand forecasts change.
Figure 9 illustrates the concept of backlog delivery window estimation, using example demand
data for model 5.
Figure 9: Backlog Delivery Window Estimation for Model 8
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We see above that, for 2013, we have allocated thirty three build slots for model 5. Based on
the rules established above, a customer will receive its aircraft within one month of desired
delivery if it places an order before the thirty three build slots are occupied by orders. In the
event that customers wishing to receive aircraft in 2013 place orders after thirty three orders are
taken for 2013, the customers will have to enter the order backlog. As seen above, there is
potential for 25 aircraft to enter the order backlog. For customers currently in the backlog for
model 5, we promise a delivery within one year of their desired delivery date. This value is
calculated by taking into account spare capacity as well as the distribution of forecasted demand
for the model. In the case of model 5, there is adequate available capacity in future years to
produce approximately twenty five aircraft two and three years forward-looking. This capacity
can be used to manufacture aircraft demanded during this timeframe; alternatively it can be used
to manufacture aircraft in the backlog for prior years.
Customer stream C includes the least important customers to Sikorsky, and models 7 and 8
are sold to these customers. Considering the importance level of the customers, we suggest that
Sikorsky set production quantities equal to the 50 th percentile, or most likely demand condition.
Out of the three customer streams, this setting presents the highest likelihood that customers
have to place their orders in a backlog. As for customer streams A and B, we recommend
promising delivery within one month of the desired date for customers who are not in order
backlogs for models 7 and 8. For customers in stream C having to wait in order backlog, we
suggest promising delivery within six months of the desired delivery. We estimated this delivery
window using a method similar to that outlined above for customer stream B. As in customer
stream B, we recommend regular assessment of backlog delivery window timing, as it is a
dynamic value depending upon available capacity, current order profile, and the distribution of
forecasted demand. We suggest using a combination of forecasting methods for products sold in
customer stream C. Customers in stream C can only predict procurement schedules for two
years into the future; therefore use of CRM data is limited to two years forward looking. Given
the large number of open contract pursuits in customer stream C, we will apply Monte Carlo
simulation for two years forward looking. For longer time horizons, we suggest using top-down
market forecasts as the basis for demand forecasts.
3.3 Five-Year Planning Case Studies
Through a series of case studies, we illustrate how marketing data are transferred, demand
forecasts are generated, and five-year production quantities are set. For customer streams A and
B, we demonstrate the future state process for a single calendar year, 2012. The methods
discussed for this single year are applicable to the entire time horizon encompassed by the five-
year plan. For customer stream C, we demonstrate the future state process for two calendar
years, 2012 and 2014 (one and two three years into the future, respectively). The methods used
to plan for aircraft models in customer stream C are different in the short-term and long-term
because of CRM data accuracy considerations. We demonstrate short-term planning methods for
2012, and long-term planning methods for 2014.
3.3.1 Customer Stream A Five-Year Planning Case Study, Model 1
Using aircraft model 1 as an example, we demonstrate proposed planning methods for
customer stream A. At the beginning of each month, the planning team receives a CRM data
summary from marketing analysts for model 1. Figure 10 shows an example of the standard
CRM data summary template, populated with example data for model 1.
We use spreadsheet calculations to generate demand forecasts using the data shown in Figure 10
as inputs.
Figure 10: Standard Marketing Data Transfer Template, Model 1
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The calculations performed in the standard marketing data transfer template communicate the
expected value" of demand. The "expected value" data for five forward-looking calendar years
are shown in the "SUM" row of the spreadsheet shown in Figure 10. Each row in the template
represents an open contract pursuit and all open contract pursuits are summarized in the CRM
data summary; sales representatives have the responsibility of updating CRM data on a monthly
basis for all contract pursuits. As seen in Figure 10, the CRM data summary form contains the
following information: sales representative assigned to a particular contract pursuit, customer
name, total contract quantity, projected contract close date, product name, contract win
probability, and aircraft demand on an annual basis for a given contract.
As discussed in previous sections, customers in customer stream A plan their procurement
schedules five-to-seven years into the future. As a result, we use CRM data as a basis for all
planning activities within the five-year planning horizon.
Given our desire to allocate capacity such that the 100'h percentile condition can be satisfied
without orders in backlog, we determine five-year production quantities for model 1 by simply
summing aircraft quantities for all open contract pursuits, using the information contained in
Figure 10. Based on information in Figure 10, we would insert 64 speculative aircraft model I
into the five-year plan for 2012. This quantity, in addition to any aircraft on contract, represents
the 1 0 0 1h percentile demand condition for model I in 2012.
3.3.2 Customer Stream B Five-Year Planning Case Study, Model 5
Using aircraft model 5 as an example, we next demonstrate proposed planning methods for
the aircraft models sold in customer stream B. At the beginning of each month, the planning
team receives a CRM data summary from marketing analysis for model 5. Figure 11 shows the
standard marketing data summary template, populated with example data for model 5. We
perform Monte Carlo simulation, using the data shown in Figure 11 as inputs, to produce a
distribution of forecasted demand scenarios.
Figure 11: Standard Marketing Data Transfer Template, Model 5
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Figure 11 shows a portion of the open contract pursuits for model 5. We use CRM data as
the basis for all demand forecasts used for products sold in customer stream B, like we did for
the products in customer stream A. However, the large quantity of open contract pursuits for the
products in customer stream B preclude us from generating demand forecasts by using simple
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spreadsheet calculations, the method used for products in customer stream A. We instead apply
simulation techniques to forecast demand for products sold in customer stream B, a much more
efficient method of demand forecasting given the quantity of open contract pursuits.
We created a statistical demand forecasting tool, based on Monte Carlo simulation, to
forecast demand for products with accurate CRM data inputs and a large quantity of open
contract pursuits. A standard simulation tool, built using Microsoft Excel and Oracle
CrystalBall, takes as inputs CRM data and produces a distribution of possible demand scenarios.
This simulation is performed for any aircraft model, regardless of customer stream. Figure 12
shows an example of the demand forecast simulation template, populated with model 5 CRM
data. To initiate the model, the user must simply copy CRM data from the marketing data
summary template and paste the data into the circled region shown in Figure 12.
Figure 12: Oracle CrystalBall Demand Forecasting Tool, Model 5
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Each open contract pursuit was defined in CrystalBall using the binomial distribution. For
each simulation run, a contract pursuit takes on the value of '1' with a probability equal to the
corresponding win probability logged by sales personnel. A "Contract Win" value of'l'
therefore indicates that, for a given simulation run, Sikorsky has won the contract. If a contract
win occurs for a simulation run, the estimated demand quantities for the contract are passed
through to the aggregated demand summation. The simulation program outputs an aggregated
demand for each calendar year, and this is the output of interest. For each simulation, a large
number of simulation runs are usually performed, typically on the order of 10,000. For this
example, we assume no uncertainty in the estimated values of win probability, order quantity, or
order timing as communicated in the CRM data summary template.
In actuality, there is uncertainty in estimated win probability, order quantity, and order
timing. Sikorsky records adequate historical CRM data to analyze uncertainty in win probability
and order quantity, but the firm does not have adequate data to properly assess uncertainty in
delivery timing. As part of this project, we developed additional Monte Carlo simulation models
for the sole purpose of understanding the effect of uncertainty in win probability and order
quantity on the distribution of forecasted demand scenarios. We discovered that, for the
percentile range of interest (i.e. 5 0 th to 10 0 th percentile demand conditions), inclusion of win
probability and order quantity uncertainty leads to a 10% increase in simulated demand.
As we developed the Monte Carlo simulation model, our pilot team had extensive
discussions regarding the trade-offs of including win probability and order quantity uncertainty
in the demand prediction model. Inclusion of these uncertainties causes a significant increase in
model complexity and simulation time, and requires increased interaction between the user and
the simulation error. These factors increase the risk of modeling errors. Ultimately, the pilot
team decided to pilot a version of the simulation model that did not include uncertainty in win
probability or order quantity. The team felt that the increased model accuracy was not worth the
trade-offs associated with model complexity and increased potential of simulation error. For
additional data regarding analysis of win probability and order quantity uncertainty, please refer
to Chapter 3.4 - Analysis of Assumptions.
Figure 13 shows a distribution of simulated annual demand for model 5 in 2012. The data
were produced using the baseline Monte Carlo simulation tool that did not include uncertainty in
win probability and order quantity inputs.
Figure 13: Simulated Demand Distribution, Model 5 in 2012
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Given the set of demand forecasting and capacity allocation rules established and shown in
Figure 8, we are most interested in the 85 th percentile demand condition for model 5. We will set
the quantity of speculative aircraft builds for 2012 equal to the 85 th percentile demand condition.
Figure 13 shows that, for 2012, the 8 5th percentile demand condition is about 34 aircraft. We
enter this quantity of speculative aircraft in the five-year plan for 2012, ensuring that there is
only a 15 percent chance that customers of model 5 will place an order and be placed in the order
backlog.
3.3.3 Customer Stream C Five-Year Planning Case Study, Model 8
Using aircraft model 8 as an example, we demonstrate proposed planning methods for the
aircraft models sold in customer stream C. At the beginning of each month, the planning team
receives both a CRM data summary and a top-down market forecast summary from marketing
analysis for model 8. Recall that for customer stream C, customers plan procurement schedules
two years forward-looking. Given this, we suggest using Monte Carlo simulation methods (with
CRM data inputs) to produce forecasted demand for time periods up to two years forward-
looking. For planning horizons three or more years forward-looking, we suggest using data from
the top-down market forecasts to generate demand forecasts.
For the first two years of the five-year plan, we rely on Monte Carlo simulation to provide
forecasted demand values. An identical method is used to predict demand for models 7 and 8 as
was described in the previous section for models in customer streams A and B.
Using example CRM data for model 8, Figure 14 shows forecasted demand values for model
8 for 2012. The data were produced using the Monte Carlos simulation model discussed in
previous sections.
Figure 14: Simulated Demand Distribution, Model 8 in 2012
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Based on the data in Figure 14, we include twenty-six speculative aircraft in the five-year
plan for model 8. This production quantity represents the 50th percentile demand condition. By
setting the production quantity to the 50 'h percentile, the production quantity will align with the
most likely demand scenario. There is a 50% chance that customers in stream C will have to
place their orders in backlog if capacity is reserved for the 5 0t* percentile demand condition.
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Figure 15 shows an example of the top-down marketing forecast data summary report
template, populated with example data for the models sold in customer stream C. Recall that,
according to Figure 8, we suggest setting production quantities equal to the 50th percentile
demand scenario.
The "base" case quoted in Figure 15 represents the 50 th percentile demand scenario.
Therefore, we set the production quantity for speculative aircraft equal to thirty for 2013.
Figure 15: Example Top-Down Market Forecast Template, Model 8
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most useful for five-year planning activities is highlighted in Figure 15. The "worst", "base",
and "best" case correspond to the 2 5 th, 5 0 th, and 7 5 th percentile demand scenarios, respectively
3.4 Analysis of Assumptions
In the previous section, we assumed no uncertainty in the following (CRM data) inputs to the
statistical demand prediction model: contract win probability, order quantities, and aircraft
delivery timing. In the following section, we study the implication of win probability and order
quantity uncertainty on forecasted demand. Currently, Sikorsky does not maintain accurate data
showing the magnitude and causes of changes to delivery timing. We recommend that Sikorsky
begin logging and analyzing these data so that the firm can include delivery timing uncertainty as
an input to demand forecasting. For the purposes of this exercise, we did not include delivery
time uncertainty in our modeling. In the future, Sikorsky can include this uncertainty in a
manner identical to the manner in which uncertainty in contract win probability and order
quantities are comprehended in demand forecast simulations.
We first study the accuracy of the CRM contract win probability estimate. A large set of
historical CRM contract histories were studied, Figure 16 shows a comparison of CRM win
probability estimates to actual contract win percentages for the set of contracts.
Figure 16: A Comparison of CRM Win Probability Estimates to Actual Win Percentage
Quintile Average Win Probability True Contract Difference
Reported in CRM Win Percentage
1 0.94 0.94 0
2 0.75 0.86 -0.11
3 0.58 0.51 0.07
4 0.39 0.63 -0.24
5 0.18 0.24 -0.06
The five data quintiles show an average difference of -0.07 when comparing the win
probability estimates against actual contract win percentage.
Using the data in Figure 16, we modified the Monte Carlo simulation template to include
uncertainty in the win probability inputs. We represented the win probability variable as a
continuous distribution spanning 30 percent, centered at CRM win probability value. Using data
for aircraft model 8, we study the effect of win probability uncertainty on the distribution of
forecasted demand for 2012.
Figure 17: Effect of Win Probability on Model 8 Forecasted Demand
Percentile Demand Qty., No Uncertainty Demand Qty., +/- 15% in Difference
in Win Probability Win Probability
20 20 19 1
30 22 22 0
40 24 24 0
50 26 26 0
60 28 28 0
70 30 30 0
80 33 32 1
Uncertainty in the win probability does not create a significant change in the distribution of
forecasted demand, with maximum changes of 1 aircraft at the 2 0th and 80th percentile demand
value for model 8 in 2012.
We next study the accuracy of the contract order quantity data in CRM. Figure 18 shows the
historical accuracy of the CRM order quantity value. We compared CRM quantity values
against the number of aircraft actually ordered by a customer for a given contract pursuit. The
figure is a histogram showing the probability that the CRM order quantity changes.
Figure 18: A Comparison of
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As seen in Figure 18, the CRM estimate for order quantity is accurate 60 percent of the time.
There is about a 30 percent chance that actual order quantity for a given contract pursuit will be
50 percent lower than the CRM estimate and slight chances that the actual demand will be
greater than the CRM estimate.
We modified the Monte Carlo simulation template to include the order quantity uncertainty
data shown in Figure 18. We represented contract quantity as a custom distribution having the
same characteristics as the histogram shown in Figure 18.
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We study the effect of order quantity uncertainty on the distribution of forecasted demand
for model 8 in 2012.
Figure 19: Effect of Win Probability Uncertainty on Distribution of Forecasted Demand
Percentile Demand Qty., No Uncertainty Dernand Qty., +/- 15% i Differencein Win Probability Win Probability
20 20 18 2
30 22 20 2
40 24 22 2
50 26 24 2
60 28 26 2
70 30 28 2
80 33 31 2
Inclusion of uncertainty in the win probability changes the distribution of forecasted demand
values, with each predicted demand value taking on a value two aircraft lower than the values
generated with the baseline Monte Carlo simulation model with no input uncertainty.
4 Suggested Implementation Plan
This project is intended to provide Sikorsky with a framework for an improved five-year
planning process. Prior to achieving full implementation of this process, there are several key
steps that must be completed. Our team completed early implantation steps, including a serious
of showcase exercises to key stakeholders and the creation and training of a pilot team. The final
steps of process implementation will occur over the next six months to one year.
4.1 Organizational Support
During this project, we learned that many stakeholders felt nobody truly owned the five-year
planning process. Without process owners, Sikorsky lacked any stakeholders who understood
the complete process, from beginning to end. There was no one who could monitor the health of
the process or lead improvement initiatives.
We quickly identified that the key stakeholders in the current state of the process were
members of marketing, sales, and the operations groups. Prior to creation of future state
elements, we created a pilot team of five members. The team was comprised of members from
the key stakeholder groups.
Members of the pilot team were identified as the owners of the five-year planning process
and they are accountable for implementing a pilot program, refining the future state based on
feedback from the pilot, and implementing a final version of the future state process. From this
team, Sikorsky senior managers should appoint a single point of responsibility for the entire five-
year planning process.
4.2 Implementation Strategy
Formation of the pilot team was the first stage of the implementation process. The team was
given ownership of the five-year planning process and was engaged during creation of the
improved future state. Having defined a future state, we prepared showcase exercises for a wide
group of stakeholders. By showcasing proposed planning methods during case study
presentations and hands-on training exercises, we were able to refine and win support for the
new methods. In the future, the Sikorsky pilot team will be responsible for additional idea
generation, showcasing, and application of new tools during pilot exercises. For a preliminary
pilot exercise, the team will lead implementation of the tools outlined in this project during
revision of the 2011 version of the five-year plan, which will occur in the first quarter of 2011.
Several new methods will be introduced during the pilot exercise. The majority of
stakeholders should be familiar with the methods based on previous showcase exercises, but
additional training may be necessary as stakeholders apply the revised tools during an actual
planning exercise. The pilot team will be "on call", and we have prepared the pilot team
extensively during a combination of group work sessions and case study exercises. Using simple
planning examples based on real data, the team was able to become experts in new forecasting
techniques and interpreting marketing data summaries, all the while comparing future state
outputs to the current five-year plan.
4.3 Tracking Success of Future Process Improvements
The current state of the process lacked mechanisms for collecting feedback and improving
the five-year planning process. As part of the future state, the pilot team will collects feedback
on a monthly basis from all stakeholders involved in the planning process. We established
feedback mechanisms using existing methods as a basis, including online survey formats internal
to Sikorsky. The pilot team will also conduct qualitative interviews on a quarterly basis. The
planning team will evaluate and improve these processes at the conclusion of the next planning
cycle.
Feedback will be used to create improvement ideas. Time will be reserved at the monthly
S&OP meeting to discuss process improvements and develop new ideas. Quarterly plan
revisions will be used as an opportunity to pilot new ideas.
5 Conclusion and Recommendations
During the course of this project, we were able to perform analysis of the current state of the
five-year planning process, identify and refine improvements, and perform showcases and pilot
training exercises as part of the implementation process.
Our proposed planning process is designed to improve the speed of the five-year planning
process as well as the quality of information contained within the plan. The improved planning
process will impact Sikorsky in several important ways. We expect the new methods to improve
forecasting accuracy for all aircraft models. Improved forecasting accuracy will enable Sikorsky
to better manage the order backlog and on-time delivery of aircraft. A differentiated set of
forecasting and customer service rules enable Sikorsky to reduce the likelihood of placing very
important customer orders in backlog, making sure adequate capacity exists to ensure that these
important customers receive aircraft without having to endure the wait times associated with the
order backlog, which can reach several years.
We have established and trained a pilot team that is responsible for future improvement
efforts in addition to a framework for collecting and analyzing stakeholder feedback, two factors
that will help sustain continuous improvement of the five-year planning process.
The following points summarize the key conclusions and recommendations of our five-year
planning process improvement project:
e The current five-year planning process can take anywhere between two weeks and
several months. The S&OP signature and approval process accounts for a significant
portion of overall process time and process time variability. By simplifying the approval
process, we can achieve the target planning process time of two weeks.
* There are two dominant symptoms of poor five-year planning process quality: frequent
late revisions to the production plan, and overproduction of certain aircraft models. The
first two steps of the planning process - market data transfer and demand forecasting -
have the most significant contribution to process quality deficiencies. Both steps are
marked by ad hoc and judgment-based analysis methods, which impact overall process
quality.
" Lean techniques, interviews, and surveys provided an effective way to analyze the
current state of the planning process. Through these activities, we were able to place an
appropriate scope on the problem and identify the most significant improvement
opportunities.
" Standard work instructions allowed us to implement more structured market data transfer
and demand forecasting process steps. We were able to effectively document and
disseminate new process methods to a wide variety of stakeholders. Additionally,
standard work documents will provide a sound starting point for future process
improvement initiatives.
* We developed a demand forecasting method based on Monte Carlo simulation. Using
CRM data as inputs, this method produces a distribution of forecasted demand scenarios.
Accuracy of the Monte Carlo simulation depends on accuracy of CRM data inputs. If
there are concerns regarding CRM data accuracy, we suggest using top-down market
forecasts as the basis for demand projections.
" Through showcase exercises featuring demonstrations and hands-on exercises, we were
able to refine our new methods and gain support for a very different way of performing
production planning.
e There was not a single person or team of people who owned the entire five-year planning
process. This made it difficult to drive continuous improvement to the process. We
identified and trained a pilot team comprised of experts from different functional groups.
This team is responsible for continuing to gather stakeholder feedback and drive
continuous improvement to the planning process.
Our findings in this project highlight a mismatch in the legacy Sikorsky planning process
and Sikorsky's current business strategy. In the past, ad hoc planning methods and forecasting
inaccuracies could be tolerated given the stable nature of the customer base and a low economic
incentive for on-time delivery of aircraft. Until recently, the majority of Sikorsky's business
came from a concentrated customer base with relatively stable ordering patterns. Because of
this, Sikorsky could rely on a judgment-based forecasting method, based on historical trends, to
predict future demand with sufficient accuracy. Sikorsky had near monopolies in several
important markets and there were limited financial penalties for missing delivery dates. Even if
Sikorsky's customers did not receive aircraft on time, Sikorsky did not have to pay the customers
significant penalties and chances are the customers would place additional orders given the
firm's strong competitive position in the market. Going forward, Sikorsky plans on achieving
growth by pursuing new markets and new customers in the face of strong competition. In
addition, the existing customer base is placing an increased emphasis on strict and significant
financial penalties for late deliveries.
These changing business conditions highlight the need for a new approach to production
planning for Sikorsky. The need for this new approach was recognized several years ago, but
significant progress was not achieved until a pilot team, tasked with ownership over process
performance, was formed around the problem. Sikorsky, prior to this project, had not established
a true process owner for the five-year planning process. For our project, and for future process
improvement initiatives, a critical element of process improvement is an owner tasked with the
responsibility of defining, assessing, and improving process performance. This lesson can be
broadened to other areas of Sikorsky, as well as to organizations outside of Sikorsky. It is
imperative that key business processes have a clear process owner with clear performance
objectives. Without this, the process will most likely stagnate and runs the risk of becoming out
of synch with needs imposed by broader business strategies, just as it did in the case of five-year
planning at Sikorsky. This set of recommendations presented in this project will enable Sikorsky
to enter its important new era of growth with a sound operational foundation for success.
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